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RATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

WIND-TUNNEL INVESTIGATION OF A 1/6—SCALE MODEL OF THE
BIMBLEBEE XPM MISSILE AT HIGH SUBSON1C SPEEDS

By Warrsn H, Relson

SUMMARY

The results of an investigation of a 1/6-scale model of the Bumble—
bee XPM missile to determine the causes of booster~fin failures on the
full-scale missile are presented. The Mach number range was 0.20 to 0.9k,

and the corresprnding Reynolds number range was 525,000 to 1,555,000,
based on thes body diameter. 1t was concluded that the fallures of the

fins were due to launching shoes which caused the missile to trim at
Increasingly negative angles of attack as the Mach number increased wup 1o
0.86., Under those conditions, the booster rins apperently became cver—
loaded to the point of failiure )

Additicnal tests were made with wing spoilers and alternate booster
fins to determine thelr effect ou stability. The wing spollers were
effective in increasing the stability except at low Mach numbers and small
angles of attack. The alternate booster fins increased the stability by
an amount equal to a neutral-point shift of 6 percent of the total missils

length.
TRTRODUCTION

The launching of the first full-scale Bumbiebee IT V-3 /XPM) test
vohicle from a ramp was successful and normel accelerated flight occurred
for about 2 seconds. At this point, all four booster fine were torn locse
from the booster boly in less than one—thirtieth of a second. From the
analysis of flight date it was thought that the fallure occurred at a Mach
number close to 1.0, and that the angle of atiack Increar:d markedly prior
to failure. Cureful study of ths data =nd the reccovered components indi-
cated that pogsible causes could be: (1) a large decrease in longitudinal
stability Just hefore failure, and (2) progressive twisting of the boozter
fins due to torsiornl weakness. As a result, a second test vehicle on
which the torsional rigidity of the fins was greatly increased was launched.
The results were identical witlr those for the first vehicle. The large
torsional rigidity which wag dbutlt into the fins ruled ou* fin torsional
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weakness as the primary cause o fallure. Consequently, the baslc cause
was thought to be the Cecrease in longitudinal stability,

In order to Investigate the reason and possible remedies for the
booster—{in failures, and to- obtain data at a reasonably large Reynolds
number and at spoeds close to sonic, tests of a 1/6—scale model of the
Bumblebee XPM missile were conducted in the Ames 16—foot high—speed wind
tunnel, These tests were made at the request of the Bureau of Ordnance,
Department of the Navy.

Additional tests were made of the model with wing incidence varied,
with wing spoilers, with elternate booster fins, and in varlous rolled
positions to determine the effect of these variables on stability.

NOTATION

The coefficients used in this report differ from the standard nomen-—
clature in that the body-cross-seciion area is used instead of the wing
area, the missile length is used in place of the wing mean aerodynamic
chord, and the body diameter is used in calculating Reynolds number,

’

Cp  pltching-moment coefficient about the center of gravity { moment>
(Center of gravity at 0.598 1 with sbort booster, \ a5t
0.965 1 with long bboster)

/ > N

Cy normal-force coefficient | I‘—s

M Mach number

N normal force, pcunds

P pressure coefficient <P——O-P2>

Pcr critical pressure coefficlent

6]

e
Reynolds number K‘—’%)

area of body croas ssc iion, square feet

2

free—otreanm velocity, feet per second

<

body dizmeter, feet

1 body length (including booster), feet
(Body lsngth with short booster, 4,97 ft; with long booster, 5.kl ft)

P local static presaure, pounds per square foot

e B ST,
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Po free—atream static pressure, powids per square foot

q dynamic pressure (% pV2> , pourds per square foot

a angle of attack of body center line, degrees

angle of attack for trim, degrees

v kinematic viscosity, square feet per second

p density, slugs per cubic foot
MODEL AND APPARATUS

A l/6—ecale model of the Bumblebce XM missile was supplied by the
Appllied Physice laboractory of The Johms Hopkins University for these tests,
The basic Aimensions of the model are given in figure 1, Figure 2 is a
photograph of the model mowunted in the Ames 16—foot high-epeed wind tumnel,

Forces on the model were measured by means of straln gages mounted
on the sting. With the strain gages mounted as they were, it was possible
to ascertain only normal force and pitching momerit, The angle of attack
of the model was measured by optical means.

Two booster lengths were provided: modification IT (short booster)
and modification Il (long booster). The contractor's nomenclature for
the booster lengths has been used here; however, in the remainder of
this report, modifications IT and IIT will be referred to as the short
and long boosters, reapectively. The short booster was provided so that
the configuration that failed in flight could be tested; however, the
long booster has aince superseded the short cne.

TESTS

The investigation was condusted at Mach numbers from 0.20 to 0.9% and
correspanding Reynolde numbers from 525,000 to 1,550,000 (based on body
diameter), as shown in figure 3. The maximum Mach numbers obtained were
limited by the power available to the wind tumnel,.

Teats were made of the original model with various launching-—shoe
positiy s, including symmstrically mounted shoes, The optimum shoe poasl-
tions were then used on the revised model during tests of wing spoilers,
of various wing incidences, of alternate booster fins with the missile—
booster combination in rolled attitudefeesdd of the mlssile rolled relative
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to the booster. The short bocster, Loisting lugs, ardi launching shoes
of the original model were replaced by a long bcostsr, m 4ifled hoisting
lugs, ard launching shoes on the revised model.

Constriction corrections were applied to the tumnel-_wpty calibra-
tion according to the methods of reference 1. Tunnel-wall corrections
wore not applied since they were within the accuracy of ihe data.

RESUILTS AND DISCUSSION

This section is in two parts: The first covers a discussion of the
results of tests to determi'o the causes of the fin fallures on the
original missile, and methous develuped to alleviate these failurss; and
the second part covers a discussion of the results of tests of the
revised model.

Aerodynemic Characteristics of the Original Model

The first model tested in the Ames 16-foot high—speed wind tunnel
represented the Bumblsbee RTV-N—fa (XPM) missile. The results indicated
that at 0° angle of att-~k there existed a positive 1lift (sxcept for
Mach numbers iLelow 0.70) and a negative pitching moment (figs. 4 and 5).
The trim angles indicated by extrapolation of the pitching-moment curves
decreased from —0.9° at 0.2 Mach number to —6.7° at 0.88 Mach number,
then increased to —4.9° at 0.94 Mach number as shown in figure 6. With
the exception of the holsting lugs and launching shoes (fig. 7), the
model was symmetrical. To check the effects of alr—streain angle, *he
model was tested in an inverted position. The results (figs. 4 and 5)
show a positive pltching moment equal in magnitude to the negative
pltching moment experienced in the normal position, thus confirming the
asymetry of the model characturistics.

Since the holeting lugs and iaunching shoes were the only ungymmst—
ricai parts of the original model, they were removed and tests were
mde. The data shown in figures 4 and 5 indlcate easentially zero moment
at 0° angle of attack for this condition; tne small negat*ve ritching
moment and normal force that did erist can be attributed to slight
misalinements of the model. The trim-angle change with Mach number for
the original model less hoisting lugs and launching shoes, as shown in
figure 6, 1s at mist —0.6°. The previously mentioned trim angles are
basved un the location of the center—of—gravity position at zero Mach
number. The center of gravity of the full-scale vehicle moves forward
linearly as the Mach number increamses, the distance woved in inches
being equal to 12.5 times the Mach number. Applying this relationship
to the wind-tunnel data increases the trim angle as shown 1n figure 6.

wNLL




NACA RM A50I11 AR 5

The normel-force and stability parameters dCg/da and dCy/dCy
are presented as a function of Mach number in figure 8, and are the
average slopes near zero normal force. In general, there was a slight
decrease in stability as the Mach number was increased. The normal—
force parsameter dCN/&a remined essentially constant up to a Mach
number of O0.T70, then increased. Removing the ncisting lugs and the
launching shces had 1little effect on the normal-force snd stability
parameters dCy/da and dCp/Cy.

The relative values of the positive 1ift and the negative pitching
moment existing at O° angle of attack with the holsting lugs and the
launching shoes in position indicated that the pitching moment might
have originated from a 1ift force in the vicinity of the booster fins.

A test was therefore made witk Jjust the reaur launching shoes in position,
and the data (figs. 4 and 5) show that the negative pitching moment at

00 angle ‘ms the same as for the model witl the hoisting lugs and launch—
iIng shoet in place. This comparison indicated that the negative pitch—
ing moment was caused by the rear shoes.

The results of tests with the rear launching shoes faired are also
shown in figures 4 and 5. Fairing the shouvs eliminmated the negative
pltching moment at O° angle of attack at a Mach number of 0.70, bat at
0.85 Mach number the effect was only to reduce the negative pitching
moment to about half what it was with the shoes unfaired.

To obtain a mare complete understanding of the effect of the rear
launching shoe~, two rows of static—pressure orifices were installed on
the alternate se. of booater fins. The alternate booster fins differed
goometrically from the atandard fins (fig. 1); however, the interference
effects of the launching shoes should be similar to those with the
gtandard fins. Figure 9 is a plot for 0.85 Mach number of the pressure
coefficients obtained at two spanwise stations from tests with and
without the holsting iugs and launching shoes in place. The decrease in
the negative preasures on the lower suriace forward of the shoes
accounte for the positive 1ift and negative pitching moment.

Aerodynamic Characteristics of the Revised Model

As a compromise between the best aerodynamic design and the launch-—
ing requirements, the shoes and lugs were faired and the rear shoes were
moved forward of the fin leading edge. The two single hoisting lugs
were changed to two double lugs and were placed diametrically opposite
the launching shoes and made serodynamically similar to the launching
shoes. Figure 7 1s a drawing and figure 10, a photograph showlng the
original end new shoe and lug positione.
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The data for the revised model, using these launching-shoe and
hoisting-lug positions on the long booster, are shown in figures 11
tarougn 13. In general, there was no significant pltching moment or
1ift present at 0° angle of attack. A trim angle of about —0.5° existed
throughout the Mach number range, as shown in figure 13. This smu’l
trim angle was probably due to slight misalinements of tha model. The
normal~force parameter as & function of Mach number (fig. 13) remained
abou: constant up to a Mach number of 0.30, above which 1t Increased
slightly. The stability was alightly less than its low—speed value as
the Mach number was increased up to O.85, above vhich it decreased
rapidly. The results of tests with various parts of the revised model
removed are also shown in figures 11 through 13.

The resulis of ckanging the incidence on two diametrically opposite
wings ars showr in figures 1l through 16. The normal-force character—
1stics shown in figure 14 for wing incidences of 2° and 40 with the fins
in the normal position, end 4° with the fins rolled 45°, are the same
ae those for 0° wing incidence except for a small decrease in the angle
of attack for zero 1ift. The stabllity was th~ same for all the wing—
incidence tests at normel~force ccaefficlents near zero. The stabllity
increased rapidly above a rormal—force coefficient of about 4.5 for the
20 wing incidence, and increased rapidly above & normml-force cooffi-—
cient of about 2.5 for the 4° wing incidence. The trim angles as a
function of Mach number for the varicus wing incidences are ~*own in
figure 16. The trim angle increased roughly 2° for each 2° increase in
wing incidence. The trim angle increased throughout the Mach rumber
renge. Rolling the booster fins 45° had 1ittle effect on the trim angle.

Since the cause of the flight failures was originally thought to be
lack of stability, the model was fitted so that various methods for
jacreasing the stability could be investigated. Even though it was
found that lack of stability was not the cause of the flight fallures,
~ogta of these methods for increasing the stability were made and are
reported in the remainder of this discussion. The results of tests of
gnoilers on the wings (fig. 17) are shown in figures 18 ard 19. The
normal-farce results (fig. 18) are similar to the results without
spollers except for a slight decrease in the norml-force parameter.
The stability wes increased except at the lcw Mech numbers and small
anglas of attack.

Data for tests with the missile rolled 22.5° reiative to the
booster so that the missile tails were in line with the booster fins are
shown in figures 20 and 21. The normal-force date were not altered by
the shange except for a slight decrease in the normel-force parameter,
which was probably caused by the change in the tall wake acting on the
booster fins. The stability was about the same for both conditions.
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Data for th. ¢, w3 P-mode’, including the booster rolled 45° and
90°, are shown in f “:3‘;‘14 ' th.rough 24, The normal-force parameters
for the model 1M the ¥, ¥ (csitions increased with increasing Mach
number. For th, 45° pos1 & 5¢ s however, at 0.5 Mach number, the normel-
force parameter for this porition decreased to below that for 0° roll as
shown in figurs 24, The st.bility parameter as a function of Mach
number (Iig. ¢4+) fo the L ,° roll was about the same as for the 0° posi-
tion up to a tech number of 0.85°, above which the etability *‘ncreased.
The stapility for the if’ position decreused throughout the Mach number
range, decreasing mor ¥ rapidly above 0.%5 Mach number.
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The results of tests with the altermate booster fins are shown in
figures 25 and 26. The dimensions of the fins are shown in figure 1.
The normal-force anl stahility parameters are shown as a function of
Mach number in figure 27. The stability for the model with the alter—
nate booster fins was greater than with the stan’~rd fins by an amount
corresponding to a neutral—point shift of 6 percent of the total missile
length. There was little change in stabiiity with Mach number up to
0.88, above which the stability decreased rapidly. The normal-force
raramster was Increased &n average of abcut 20 percent with the use of
alternate booster fins.

CONCLUDING REMARKS

It was concluded that the failures of the booster fins on the
Bumblebee missile were duoc to launching shoes which caused the missile
to trim at increasing negative angles of attack as the Mach number
Increvased. Under 'hese conditions, the booster fins apparently became
overloaded to the point of failure. (Subsequent to the tests reported
herein, it has been determinsd that the torsionsl deflectior. of the
missile wings also contributed to the failure of the booster fins.)

A design was developed for the launching shoes end hoisting lugs
which eliminated the adverse effect on the pitching moment. It con-
sisted of faired shoes and lugs, with reer shoes moved forward of ths
fin leading ~dge. The single hoisting lugs were changed to double lugs
rlaced diametrically opposite the shoes and made aerodynamically similar
to the launching shoes.

Wing spoilers were sffective in increasing the stability except at
low Mach numbers and smell angles of attack.

The alternate booster fins Increased the stability by an amount
equal to a reutral point shift of 6 percent of the totel wissile length.

Ames Aeronautical laboratory,
National Advisory Committee for Aeronsutics,
Moffett Field, Calif.
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